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ELEC UROEXEPAULIC EFFECT 


this brochure elves a shart destriptice of the rhenonens 
high-voltage discharge in 6 Liquid. thls nhenemens 


7 hylreulic effect” by the author} consists ef the fect that, hea ¢ Gsrecial 


a shaped electric pulse Sees is pro: caueed 


PYessureg 


arise in the Beist ~ 


soplieations of the jaunt ba Veet gh Meg ith 2 this SX g'es eek ings: 
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khen especially shaved hich-voltage electric pulse discharge is produced 


anical 1 destruction of f objects fn tee a aa of the dischars:, aa 


of liquid, etc. 
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ochure contains a shest description of the electrohylraulic 
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Chapter I 
Phenczena ine Liquid rear the Zone of Discharge 


1. Basie circuits. 


Since 1938, the suthor has etwiied phenomena which arise in the weigtoarheod of 
a eat, syerg discherge im a liquid aedliu. 
a Riots GeAtIAL ohare) Aneew wtelies confirm the existing data thet, in liguids 
7 = som i Conductivity, either such diecharees go not take place at eli, or they 
. : : take place only in cases sii tee spark gay is wae szall, In the letter case, the 


syundent formation of g2s and vanor. 


iiecharge erices easily end is also acecmenied 


-eonntterable formtion of gas oo vapors . in ia. a 


— Be mechanics! ection of e © ligase « ca | obgects placed near the % csaret of “o 7 


+ 


2 a discharge predveed 4 in the ctrentt etven ta Fig. Lia practically dostgntcteant for eae 


a 7 Liquids we tente c coaturtivity exa ts, relatively speaking, ieee 


ovprectsnla ¢ bog ie in a Lquid-dietectric moliv. : S . 


Fig. i. Cireait of a set wp for stulying the break-down of liquide, 


| le tank with Mgaia, 2e spark gap. The connections of the benotfon are not shown, 
The discharge circuit is indicated by ame heery line. | 


seat the mechsnical action is deternined 


In both conducting ani ens Se 


by the pressures ingide the yopor-gaa bubble formed in the dtechatee zone, According 


to the data in the literature, the values of these pressures 


Te hydraulic mules 


‘Sloplag front ei a leng duration, snd are not very powerf 


The author set bingelf the task of finding * the conditions _ a 


ston of trier could be greatly increased. It is obvicus thet the 


’. a iis amet vith Ge niga RT OSS LL es existing tz 1% cannot be ia direct - 


ale 


‘contact with the ones ena cent up the some pressures in it, but rather that it - 


affects the liquid threugh o layer ¢ gis and ~~ - Consequently, to raise the - ; e 


preagure end. nereese anies ectica of the ea ca chjecta, it Boas 


, dering Walch 1 8 esebLisbed and ts 


ss 7 to creme the por of eagle 


— | To achieve this, the ium tvo simplest slectric circuits were selected. a a 


Pig, 2. Cireuit of s set-up with an edditional spark gap! 


mk with liquid; 2 sain spark gop; 3~ sdditional spark gapr (the connect 


_ She first circuit (Fig. 2), charecterizai by an ‘edattional L perk PP, | made 18 


8 speck op | ta Mgett 


, vith toate cotertiity, ‘to g e oo ‘ 


oe nee Pig. 3. ciresit of the tesic setup for regratucing the 
= " eiactretyarenlic effect with two additions] epark geet a 
A ‘Le tank with Wguis; Smt park gu 3~ additional erat wD. —" 


- 


The other circuitg (Fig. 3), which was subsequently adopted’ a& the basic 


dreuit, contained tvo additional spark gaps (shich we later called “stepers™) 


ted in serilen oa both sides of the main spark gap. It mg established that, 
if the length of the shaping spark gaps end the main spark gap vere chosen suitably, 


this circuit made it peeatvie to increase etii2 more tae mechanical action of the 


Ganot Sioa | 
@ischarge and to totay/Sitninate (et to the eye} formation of gas ent Vapor « 


Experimenta shoved that a further increase tn the mmber of gaps reduced the 


inteusity of the electrohydraulic effect. 


Pe 


rane ine —_ — a 


weaean the teste botraalte cae, no the secant cavitation one. oe, 
Tae form of the taste bytrmaie pulses foe Tetctsiotreiic atest") i ; Ee i . 
srpraziamtely analogous to the form of the current yelses. 


Re ahartar the Ung, the etenper the front, and the higher the emplitade 


a Tt Meena aacen. , Seale east o « 


. of the current pulse, ‘Ge morter aa etronger the Mytranite pus wilt be ant the 


‘4 id 
= Sha gt ame oe tes : Sige EY Sn Oe ea ee 


ry, the longer the current pulse and the 


greater its brisance. On the contre 


lover ita amplitude, the greater the duration of the hyiraulic pulse end the 


peaker its destructive action will be. 


gz spark gare in the electric 


of 


ivel for the establiainercn 


shaping gaps make it possible: 


momts of energy, vhich are then pulee-fed to the 


Bad esp; a 


ne ae 
5 gy neti ity pa fet, timing te prt ot ee 
Ate obtain with a given “en erp say of the value of the the curent n a 
Sine pet ps ee ae eae 


a ‘te cnage 0 fom of the ylse und he mature of the Qlechirge in the 


i et 


| mtn ou Wy aometrie or metre ert of the ng of the ning OE 5 - 


atu 


. mermar eyng goes then te min pot tek Arte ett porno 


th. energy deing gives: off at the main EZD « 


These end other advantazes of the circuits, in addition to its sisz 


facters in ia selection. However this provides aah for regard ag 
only sulitadle ctreutt 1 Lor cial the clectriyirmalte ef effect. | 
| doen the instellats fons are ef fusted throuch swpplenentary shaping saps, , bey ae 
 @perste ie Sven a Gecad range. When the shaping gaps sre closed, the Jeet 
‘Between the poists of the sain gaps pesses the curreat freely. oe 7 
ic scsimbaiie ielladihmaamenenanin: 
2 9 , an the, en thowgh no ee will - in the natn AP at ete = reason 4 : 
7 toe te this aaa that the wit eh oo falls 80 2 rapidly that the vote 3 
: wt pe ag oe tn fr 8 break~dom. Hes Lp ae 
Ge me x lower Unit of stable sti i as “ eee of. the e shaping 5 aol 
Se rem eee ee 
aa Yreak-down oF the m min Pe Pept voper Limit of stable operation cccurs at the peta 
‘ where) =a athe pas are further entareed, the aba woltege vr power ee 
THe ta oo longer eutttctent for alt three exe (ee eaptag gue nt te mn 
ee alta, Ae 
a it ts : a te mesa broatiy the eta, the power, and the aan : 
sg aR SAL ERE: SOO = 


Sea 2. Distinctive Features of the Flectrenpiranutic Effect 
Tt snould be noted that the electraiyireulic effect differs essen*ta’iy fram 
electric snerz treatment of metals, This eres ifes not only in the coupietely 


attrerent electrical eireutts, ices. srocesaes, Pe enerey 2 rereseters, tut ai 80 


inthe fect that, in the clectronydraviic effect, the discharge does not tave @ 


“a io — ‘ecalincabiy sxatiers: - 


| | tou the atrectiion of the e discharge) mechanical actica the expanding 


ie ve iat @ nagaovortage 8 ona b extrenely short pean Ascarge o3 the | sarromting Lguia wane ee 


steerer, 


direct aechentea} act! on on an object, but an indirect ome, acting theugh the sediun 


tn which the sperk arises. 


PS ay of ‘metals, the 2o~f0-82, mM: 2ipeer {in Se direction = 


of the euacarge) thermal action of pulse aiecharces {s ugol, the agen end | 


ane r 


= On the on the ceoeesendaniaaa pethol is desed on the redial (perpeniicular 


is alse-bypa. 


< . wat trensaite thts action t to the object under treatunent. 


am; tn he eectrebybreatic eect, Gere As wo Charan ection om fie chet, 


~>» 


while the mechanical ection takes piece vor a Li¢uta meliu, without afrect 


nen race nd PD the thefinl matarg of the process 


PREIS Ee Sean are Tid 


| est hor the sutton believe, om the testis of his nail. | 


2100 


nar 


that the netal alia by 6 current pulse is mos? ee ecected ty the forces of the 
thermal outburst and by the sceetad: cavitation, rather than by electrodynemic 
forces, | 

Any ae ad be used as the mediu in waich the electrohyiraulie effect is 
produced, Tie most convenient liquid is ‘amen water. The leas compressible 
the liguta y the Kigher the resulting pres@ure end tise greater the brisance of the 
electrohyiraulie sia will be, | 

ane ligula mediwa- aoeaniiae the discharge oe, yecetives sae bish presgures : 
peewee it we ie ch a chject, 3 

The gmaller the mabexof layers separating the Rigquia medlua froa ad discharge ; 
; a channel and the ocala the total thicmees of these isyers, the more rapidly the : 


| Se will be ihaeatadie and the Ber their — bina be. - 


me denser and leas 4 onereatin the Mquia corromling ¢ the aigchorsd: = rene : 

| POTS Tonced stn he it to he rors 22 te ere 
Stee ged aim tn Ye regu ot prcley neoprene (tr water, _ 

for inetence, the couttictent of capreeson is 0.00008), ts axlatas the 


eer eer ais 


enormous mechanical streeses in severance devices. | : os ae | 


7 eae 


stacy tecteal atte mba 18 poten to ange the Qurtton of he plan 


discharge ani its nature as desired. Correspondingly, the nature of the pressure 


formed in the liquid cen be of any sors. ‘This mekes it possible to use the electro- 
hytraulic effect for different purposes. 
4. Manifestations of the Flectrohylraulic Effect, 
The electrohylraulic effect can be easily coserved in an open vessel filled | 
with axy liquid. 


At the sane 


ofthe puiseg 


For instexce, 2f a powerful, but not spectally sheped pulse 


layer ae Liquid of 100 - 150 mm without producing any import ent external sec! 


? 


time, it ia possible to see the importance of preliminary sha Pr 


ae Wig” BBS ee tga & cos 
a tg rs ee age, Se “oe 
: : - 8 Ts af 
. . 7" = Mw Mien Ce & Ld . 
: Be ale Oy 8g ee 
atu of ‘la * 
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” effects (only o elight excitation of the gurfece of the Liguid ie cbserved). 


eh Rt the same tine, a less poverful, but epecia Lily shaped 


me 20 - 1§ 1 of Liquid to 8 height.of several i meters with the seme . 


> 


“Ube can destroy a strong vessel vith 


--:16 wm thick ond fastened with bolts, 


“with a high conversion factor saiteble for infostrialx utilisetion, 


7 ; . . . . : . 5 - ate . 
@ wolume of ebout 400 1 made of essutoax 


Tt is well xm?) that the break-down voltage in liquids dses not depend on 


pressure, asymptotics. ily approaching the same limit in almost all liqulds at a 


few thceetard sheosrhs 


oR this basis, it can be aeesdes that in , working ae these ar ST NOE 


wylreulie devices may be very high. ‘Tats algo expisins the 


hich protection ¢ of enersy in an b electrchyiraulie izmutse at atmognhe: | 


he Liquia eurrownding the aisciatee sone » bas an enormous resistance to the 


seneion of this zee, i eee ee ee 


hanre] = a genieniy gmat? cross-section in ‘the tattia: 


NICCHS y the ivcreiee of the sigs density in it and of ite ‘ae | 


werentiy gaplidly, as &@ refult of thich the phencasnea 


the nature of en explosion. — 


imap the resistence to the expenst ca S te Gischarge cheme) is a special =. 


te re nie tn tes miter tata te tno | 
aguas neteaamaae: : 
pene | _Sarefore the circult cxjacttnce acraee the mata epenk gp will not < ; 
Wrage, Fan Mp ty ef toa. Ce = Pea, seg 
a Press. ‘from Beglish.) GTIT, 1kS. seni naltne te 


‘operate as thoush it were short-circuited at the moment of break down. 
in the initial &tage of expansion of the chemnel, the spark diecharge which 


developes without being sustained takes place inside en extremely dense “twe" of 


mich kes a great noe pee! to the further expansica of the discharse. 


boveementioned 


When Qiecharges ere ostained in uater and other fon-coméuc 


eccomiing to our basic cireuit, these liquids behave 


_ inguistors placed in these liquids got only do zot lose their insulating properties, - 


fhe - electric stren*h af fon-contucting Liquide in the electrehytreulte 


vith he exeeptionsl speed of the break-dom. ‘Bere he snail 


mebility of the ton in the Liquid mntfests staGele in the fect tt thay obviously 


ceunot nove fron their positions daring the process. —— 7 


nen te It was noticed that an increase of the coacentration of certain 7 


i enlace ashe de snidiaee deat ils aa eames St 
conductivity, comparable with that of metals, 


grt wes veer bed, shat, as the steepness of the wave front Increesed, aml | 


<l4- 


the length of the uxve decressel, the puleed ability to break dow a concentrated 


appreciably. Coviously, with eny wamriccs 


solution of erry electrolyte increased 


ci. 


ae breakdom in the solution by using a 


of electrolyte, it 15 possible to kave 


a pulse with a very steep wave front and en extremely short veve # length. 


During the invest tlations , {t was established that a high-pressure zone with 


Bel Wen Aa breake 


ristic shape (fic. 4) eriges above the discharge che 


dam is sbeancea ina Liquid ay means of the basic circuit. For illustrative purposes, 
iss "aisle Sais sees Gein a ibiabee OP saris. . 

Ae zone of the spark discasge: 

= totategt soe. met all materials ——e into aieperset 
| particies, while ‘the es Sone in this zone — snare the Properties of a Writtle | - 


| so a, 


ot Seren of igein/, C2, 1), eS of place of gd Se a 
tely lees then the previously proposel value of 10° » ane Vaile the 


a real acid uieuatnetateaceeiiensweieun ities _ 
sola body in the scones nearest the discharge zone are protebly correct. 
| Kornfel'a ‘eseerts that Tliquids will behave as solia bodies at reaction periods 
ladies tadpabiun dniiaaiy. nt, 


-15- 


Cs fold-hardening re | Many materials disintesrate, metals are cold-bardened 
ana the liquid is epparently mtn the state ee solid elestis boty. 

De come of elastic action, Particles are ejected, otesreal ejecting pe 
are > fi the liquid is ayparent ly is the atate - a very elastic ite daar 

E- Cocpreasion zone. the preszure decreases yery Repiehy with increasing — 


aistence from the origin. Large yolutes of liguid change position. 


Mg. ‘ ee the ehape and sequence of presaure 2 20n23 shout 
the ‘sperk dtscharge in the initial Sil 2 re 


2nd ae 

= the sperk length, since a iain to the metal iia (chort-ctrcatting ‘throagh 
"the metal). 

Sintiarty, « petal chject used es coe of the electrodes cammct be placed im 

“ee tsinwegntion tes 


=L6= 


tt can be seen from Fig, & that a confuctizg object used es an electrode is 
subsect to the influence of only the edge pressures of the cold-hardening zone (C). - 
anis produces & saallow cepcahanea hollow on the gicetae at the pofnt where tae 
srark strikes. 

It follova fron Fig. 4, that vhen the end af the electrodes are plecel in a 
straight zane practically no ere | forces 0 act on co Only tn the case of 


very thick electrodes are the pointe sncothed by the ection of atreans of liquid. 


: The diezeter of the distategration tone is Froporticas! to the pulse 


| gd : Leckrpeons 
For instance, ina set-up with on eieeteanmee and an induction ott, witha 


| capacitance C = 0.05 a. f and’a spark length in the Liguta ‘ ay Eo - diane 


a the alsintegration zone is equal ts 2-3 Sle “Table i shows the the disseter of the 


; eee we peas eource ise sp Bp 


a, through © , EBALLO Renoteen. 


The TONS 2B C, oy 5 which surround the Adatategmation none have , 


the instantaneous pover of individusl pulses is extrebely larie. For ira tance, 


a 


in tise set-up with thesgmamsi pover of one by at 50 - 70 ky, the pover in a single 


pulse attains more than 100,000 kv, 


awe 


Tabie 1 


Diemeter of the disintegration zone om stanmierd abrasive wheels. 


Experiment No, Voltage, kv Capacitance, g* Spark length, mm Diameter of the 
| disintegration zonemw 


1 39. 0.2. 10 3 
2 39 O57 19. 7 
3 39 6.7 bie i 
4 30 0.7 50 2€ 
5 mie 2.7 70 32 
€ 39 0.7 99 45 
fi 5° O.7 210 57 
A 70 0.7 230 €9 
9 7  o,7 i590 a5 
16 70 Ded i790 8? 
il 70 Ra a2 199 a 95 
‘4? iL? rats 205 


the erosion of ‘etectrotes is not eee ocecakis ani ‘i de observed only at ~ 
| large capacitences ani with «emit length of the sain sperk -" en ta | 
cages, it ts eee to select circuit = such that acd ee of the _ 
| esi daa of the nae i = will be e rrecticatly nonexistent. Rae 3 is extremely | 
| oe ' tte pron oe ey — ea Me gee 
| The exyertnent shoved thet the Qiecharge foran sol takes plece more easily = 
"with tren electrodes than with copper electrodes shi een eae : 
electrofe material on the brevhioen ciel —< a ne 3 
| Be tavettgtionaieo above tat, te coe of « hotat-towotat” atachag 

“jn wter, Share ts akzeet no bresehing, bet that, the cae of « “polnt-to-atak” 
ai tok branching frequently agpears st the end of the discharge snd cial 
a 18 a 


from the slight erosion at the slaces where the branches of the discharge enver : ‘ 


the surfece of the diec. In sone discharges, wo to ? - & cranches with acess? 


Mt 


cross-sections could be eobeer yet as oo be easily established. fra the azeferent - 
areas of ihe point ts of erosion. 
Both. re and non-branchtng S-oeaetee & iive the game results. 
| the electrohyiraulte effect imnot oceania by the formation of of gas and 

eae. For the case of ‘al in water, at cen be esouned that the minute a=omts - ‘ 
of pe and yapor which could be formed during the cousin vrief ie 2 
either will ve “rurned ve oe gene atcctarge at ths coi of tte extotence, | ; : 
. er wo on condense ik dias ie Liguld wien the atacharge ts ° | 


” process | a | : oo. | : 
she PROG ee of a break-down in the main eperk gen obviously ¢ asters from eae os 


- : the gs cases ) of ry contig medium aie 6 non-conietig » medium. : ee ao ie a: 


a seen 2 Before the breat-dom, ete ta te main ark gap aaa ithe a ane 
eat ca teeter prove erpatentinl of a masnas in be eatire ; 7 
right part of the fom elzextt te. 3) agent the antag ark Be 4 i 
Men one of the stam shaping spark eae Drake dom, the veter ‘toatentaneously 
B ceases ss to be ‘ cmbatee, practically becoming an chenille: at the seme time 
| 0. streamer vith a naiane polarity (hence - the type of vresk~dova} —— to forn 
in the main spark cep fran one electrode to another. : : 

=19 | 


“When eee etteius & ceTiain limit, the second ae Esp breazs dos 
end the etremer ghort-circnits the tuo electioie, 4.@., the = Spark ¢2p dbecins 
to Brea kdosn, ht this moment, all the energy accumulated is the cirenlt is collected 
in the right waetnethe biveutt: 1.¢., Bi practically all of 1¢ goes va tie Geta 
spark oem 

Then the epark channel ‘eas to the lintt determined by the powrre of the 
| current. pegs tele » the cavity accompanying tae tein shock Aone emi it ia Tiled 


_ with Liguia, completing the cavitation shock. 


‘Ig the liquid is a me tt ie always woree ingu sie sacs the 

brealt dam Se Ane qiavie sia gap aaa rs vetter teeaieta efter the seat ae | 

_ ‘Wattl one of the shaping grark gape breaks down the novestsay ra the sides part ; o 

| ofthe ctrett wit not bo the tment the etre of the GtchareS wt be at 

| atterent potettiats, 

oe ‘ oro pone ‘i a saat i = bee. | | 
ae the second electrode. yet ae “e eee he 

en ee 

| in ilies Seaieaa than in sates this Ee ee a eee on aoe - 
“density of wter. a: 

ae aecage amet ean ER enema Woetle, settee tty 
‘eeu the process. In the eee this ssi laine aia with the - 


w2Q~ 


_ 


liquid, transnigsion of heat end of the tressure of the l$quid takes place throug 
the tuin envelope of vapor and gas surrouniing the spark zone. Then the veloctty 


of the liguid scattering from the spark zene ceteches wp with the expansion of the 


#12 


mel, and the liquia moves erart to the Limit given by soze equilibrim, 


gisenerge chai 
forming a cavity. 
In the limiting expansion of the cavity, ite walls are chviewly wer a 


pressure permitting the existance of the cefitatiaon pubdle, with consideration taken 


| of a certain amount of gae and yeapor inside the cavity. . 
The gases end vapor then expend, cool off, the cavity closes, the gas end. 
vapor corndense wplissciveg, and with this the entire cycle is completed. 
e The heat given off in the sain o23 is negliribly small, ema the electroies 
. end — sand ae are aot _—- UD. 
‘ However, ta very ecall vohines of Liquids, Af the capacitances are extremsly 
or te mtn oH try emt, mo hn (te & ¢ 


more agprectable. 


wy cavitaiional Teencnens. 


Ou the path of the discharge, the continuity of the liquid is trokea, the 


moleculare ccbesion of the particles being overcone, and a cavity is formed, 


ik immediately after the discharge has cessed, the walls of the cavity close, 


Tig takes place with sonle cr supersonic velocities. “his ee is accompanied 
With tie sme poencmenon ss toe peliestunies process of cavitation. 
The gize of the hollow cavities formed in electrohpdraulic skecks in liquids 


may be ane LESECe 


‘hs, With & spark length of 45 mm, 8 capacitance Cs "0.7 f, asd a Voltage < 


of gas anil vapor formed about the atecharge eone | 


Closing in of the walls of the cavity produces 
suplenenta the min chock of the discharge. 


Xe te ictal pace mar the eefee of ome eben aay Sa 


defocna aad bes 0 siagheeated beniegerical etape. the single-ended F11ag of 
the cavity wt uged rote catttton hock on the euface of the obiecte 


a 


Tis results in more or leas intense disintegration of tse surface, 


The formation end suvosequent filling of the cavity also cenfirms the existence 


extremely high pressures in the discharge ZONC » Experiments sake it possible to 


regerdg the pressures chtalned as proportional to the pover of the pulse een inversely 


proportiozal te its duration, and as depending on the coefficient of volume ccugre 


of the liquia/ 
Fras the nature of the damage of various materials in the disintegration sone, | 


it ie likewise possible to conclule that the pressure must be extresely lerge. ss = 


two plates of glass placed 


Smit. chon , the thickness of the Layer. of water between 


: | ; on tos of me another is a few ne ey of & milizeter » yet thio is sufficien 
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- the giess to be broken by the electrchytraulic shock from the a pchas ge 
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though there is no such effect in air efter husireds 


‘Ekle eot-op cen also be zed to now the absence of bas and vapor: with | 
_— Suffietently thick plates of glass, cepable of withstanding several ehocls, BO gMS 
 Wediles can be seen in the water imxk between the glass plates. 


The pressure formed ty 0 single pulse depenis, within certain limits, on the 


wiios 
Cn the one hand, an increase in the casacitence raises tie palse duration 


(i1.e., "sottens it"), relucing the magnitude of the vreesure, & but, om the other 


hom, tiis sme factor incresses the emomt of enercy given off in the spark cxamel, 


ses tne dimensions of the above-mentioned somes ani raises 


the measure in then. 
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Ob naceegeic: a of tee. 9 h333. a ae | | 
nanan: op waien then remain veay tant. 


oon vorictng with a-¢ current, it is posetbie to regulate te cireult to — 


the Dreaklomm take plece at the maxima arplitaie ef the voltage with the frequency 


of the saceply current. | 


ROLE 3 Wittens results 25 played vy 


However, the decisive role in cbteining 


Sousa ethots, sneha ing firing tee eum spark errs. ‘3 


Seudy shows that the rigliity of the pulse is grey 
1 ome fhe experianata, combuctel in 1951, « yas gmerater protocing « 
otage wp to 500g was wont an the power watt 


e “Tee stem te pert wo tan © emattmby wire tet 


wes carrie] cat 


than the tim: previously wed sources. Hovever, then the experinen 


without supplenenta: asiag epark gaps acd without a epecial cepécitance in the 


Clreuit, the electrohyiraulle effect was totally absent, despite the existence of 


a discharge £0 m long in the water. _ 


After cae eaeping sperk gap with®E Se 


wes a sunll pertubation om he eurtace cf the liquid. The discharge hed a length 


of about G0 em, the shaping spark gap a lengti Of 30 mm, the voltage azowutel to 


sect spark sup with emheres 
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dylraulic eifect dia not reach sextma strength, despite the great power of the set-up. 
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| ralranlic effect, "eart” Sigciaeeay: chese digchargeshaye a aioning front, a oe 
vevelengin ani & mmmil pelse power, 
= & a ae instances , appraximtely one cut of a esiecsl cases, ve omer | 
the eae ere of sort discharges = a — gs circuit with ee ee spark 
gape and & + erste were wed ‘Teese c asecarane vere eecorpenic uy . coe weak | 


| ~— coushe 
eoumia eff. core ond a prect! testy mchigitte ele osne een ts effect, 


Bub: sequently cd ae mas “estabt! fished that in a ‘normal cireuit the soft discharses 


see cay when | the extent vee sit weed to the minis  breaston = te end 
the dengtiset the. peneaeerS. peck gaps differed Grentey fra: one another. 7 7 * 
after te ots | a ca 2 been neat ere peered = 2 main eae 2, 
a pad see at ca Bes te eee GER ect ae Nonsea 
& further freeones in te ot steeznees of . £ the wave front ‘aad retuetion of of the 
wavelength will agparently rake it it poestble to haye a a adegtive breakin in aia 


This wes part eau es es cent tn witch we profoced 9 Urenifons 
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Chapter II 
4, ZEguipuent and instrments for the eoerinents. 
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‘Toa conduct the experinen! te paver deseribed in this brochure, four types of 


power scurces were used: 
2) 8 school type elnctropharus wits U = $0 kv and Wo = 2y; 
2) aschool tyne induction coll wit? U = 50 yr and W = 2s; | 


% 


3) a leboratory induction coll vith U = 30 ky end ¥ = 500 N; 


4) an Xoray transformer with U - 166 ky end YW = 3 kp, 


The greater part cf the Bork was cemincted wita this lest pover source, 


mos teil Ex into a halfawave rectifier with a ER-110 beectron. Taw, aly kalf — 


"- of the power of the trensforser was ws9el; i.@., 1.5 ku. ios teaof 3ku 


- ias capacitances used im the experiments with this tranmtfemm : 


engta of the Et Senares 


of the circait, ae. even at 50 ~ - 0043 28 we impossible to cbtaia © me spark 

ot Smite capaettance of 0.34, wale at the sane voltage _— 100, 

350, and . and even 200 m Long vere eeaily formed with a capacitance ef 0.7) 86 vith 
. oe capacitance of 2 ad emia ata of P20 - - 10 0 Ke it - ponte & to tin 7 “s a. 
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We also stulled the attenmction of the pulees end the redustion of the 


stezpness of their weve front when they were tramsnltted through fairly long cables 


(the effect of this 4s analegout to the existance 


caacitance in the discharge cirenit}), Becense af the difficulty of producing 
Si ly | | = 

disizibuted capacitence is a wide range, it was replaced by & concentrate’ capacitance 

comected in parelle? to the min smirk pep, after the ehaping shark gap. 


in the stuly, it ws established that a imped capacitance nm up to 0.05 ¢f 


does not reduce the strength of the alectr: ayireulic pulses. 


HO capacitances greater Sass 0. of mere ow researc Pi 


of the snaping cparx ere is Be oe tet 


in thie gape damaged only the thin layer of michel plate end caused an insignis 


 totall eresica vo wore than 0.55 _ deep. the area of the erosion darage 
toa spot 5-6 a large. 


fastened together with gamsove ani bolte. 
The tank was filled with te water. 
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ansrerent Walls rede £t possible to ooserve and photograph the 
wnat 


phesor=na in the tenk, 


ABE ae gtag stunies, there was & ere¢ 


the mterial of tae electreées, to place thes in any position masse tae 


| unter stuly, eni go on. 


Wits reference to the comlitions of the experiments with @ porer source cf 


ieomoes bath hed a large sherteawiag, ines 


| its eoxumelence ; since 4¢ twoke ae rela Bay : Ly users ocr} discharges. 
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surface of the Liquid by plecing 7 a 
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situstion, siace both the mr cover and the weight placed on it were Lifted end, 
throm enide. 


Watever the type ef protection of the teak, discharges longer than 150 a ; 


For this reason, we have no photograph cf discharges longer than 22 135 rm, 


ealtnouch ve produced several auch discharges 


5. Hature of the Discharges 8 


With, the above-mentioned apparatus, we carried out a meer of discharges, 


the condits mS of producto n af which are given in Table 2. Sane ef the photograpiis 


are chow in figures 5 ent 6. 
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3} Fig. f Ds 3 2) Voltage,” rvs 3) bvacitecees ms 8) Spark length, EER} _ 
5) Arrangement of electrodes: 6) Shaping gaps: 7) Depth of imersicn in ma; 
8) Notes; 9) Lert (+) mm; 10) Right (-) =; 11) Linear; 12) Single discharge; 
a3 tte; 18) Tro discharces in sequence; 15} Mscharge sliding on the eurface 
16}Sliding discharze: 1T} Pitte; 1Bj50 am in air, 50 om along the surfece, and © 
| 25 ma in water, 5 35 ta along the surface, end 25 mn in vater. 
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- ‘Sliding Aischerges, which are obtained when the power scurce ig an electropherus 


bas a special mature. 


it cen be seen frou the ghotogre uxt(Fig. 7) that in the direction of the 


there Pe ES Caerrmes 


aischargs rath from the positive pole of the lestrimest 


2 at definite angles (is) Pigs 7). Rotations 
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directions of the paths ef discharge cke 


of the snercks cm De obserged - immediately after a eis 


age in direction, te ceria 
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raed on edge (they are marrover), ani then, aféer a nev 


rajghtenel out axd cees to Lie on their flat side. A curious 


i=inous fTosmation Qi, Sig 7 3 ne be 


a4 Ste ae, 
nie fed é aber FLO = 


bempite the agitation of the ligula 


Sega % At fro dlechasge te A Be B ead ? enile their pesitica . 


strode which lice in the Botts 


@ischarges which occur concurrently. the nature ani sequence of their forsstion a. 


is detensined ty the size of the shaping epark gtp, oxi in the given case, txt 
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Pig. 5. Pleture of vss discharge 10 us long in water, tales 


ent wall of the tank. In thts photecranh and _ 


. the next photograph, the (+) ty-electred:ts on the left ani the 


: we. ee ete : 3» : 
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the discharges from the nagative pole, 


rectilinar at the begiming of their path, are deflected to the left aad right | 


exbrace up to 3/4 of @ circle, which appears to be part of @ spiral. a 


fae basic power source made it possible to produce 8 sisum 


epecial discharges, the set-ups end photographs of which are given in && Figs. 8, 9, 


10 end Me 


Ms val type of disckarse wag schser ws 


the positive clectrodes had the shape of a point, watle the pie neratcve electrode 


bad the shape of a dise. When the disc was eet up fram the point at a distance which 


fs 
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of 5 10 palesvyiolet “entenme” wD t9 100 ~- 150 em leag and w to 8 - 10 =a thick. | 


a central position. A, their ent, there vere & e@al1 muster 


bbles. When the dicchargs stopped, they floated up, partially vanishing ¢ 


tetned within @ cone having the diec G3 the tage ani the 


point of the secoud electrode Si the dutty 


We produced eimilar brush discharges in unny electrolytic solutions, os well 


aaumeoed liquids, The discherge was ecccopanied either ty coloring of the 


. sone or by the appearance of precipitates (incluliag even the formtion of gelatinous 
collotial formations as a result of the pulses). ; 
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| the other (+) is above the surface. — 
_ Ue electrode; 2- water; 3~ path of the discharge of air; h- path of the aiecherse 
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| along the surface of water; 5-path of discharge in water. oo. 


| aan $5 mn along ite surface, axl finally ancther 25mm 
tate the water to the eucomtelectraie, 
‘@lectroiss; fym 2- water; 3 end 5- path of the discharge in water; _ A 


Tie wrusual types of discharge m incluile the electrodless discharge along 


the suriiace of a liquid mzz cbtainel with the sme set-up a3 in Fig. 10, mith but 


m, When discharges took place in the shaping spark gap, 
brush discharges appeantd on the surface of the liquid. These brush discharges were 
airectea to the ems af echiiiiiias aoa east end originated fron & point 
lying on the eurface of ae between the electrodes. They bad the shape of 
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ms” of palewriciet color, comected st their base. Depending on 


the voltuge, their Leugth atteized 50 - & m, 
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Set i Le er 


~36- 


Weak erring, betyreen waich a short metai tube was set W, cing 


to the ellectroies, Insite the tube, the exdsof the electrodes were adjusted to a 


distence less than thetube diameter, to nrevent a breakiow 


a from taking place by vay 
of tho ai walls of the tube. The tube aml electrodes were then emerged in liquids — 
end pulses vere fed to the electrodes. Alter one or tuo pulses, a bulge appeared 


in the tibe. This bulge increased with each pulse. After 5 or 6 pulses, the tube 
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usually int burst along the generntrix, With amealed tubes, it wos possible to 
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produce 16 to 15 electrohyiraulic pulses. In this case, a large evelling vas = 


"produced without danaging 


a ae ue shous = af suollen bears 


o it, of 25 m, ent a wall thickness of 2 an. AL ber swe 
. “notte shorter. Because se of tperfetion i in the mor at 
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| - Le after tye shocks in different places; 2= after 3 shocks in different — : 


places; 3- rupture of the tube after & stable shocks; 4 swelling of - 
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‘She musber of pulses necessary to swell the tube is proporational to the 
 ilckness of ite walls, ‘he greatest svelling end the encunt of svelling 2 ve 


the properties of the tibe mterial. TMese facts, which were established experimentally, 
will play en izportent role in the work of epperates using the electrobytranlic - aa | 


3. 


This must be taken into account in tats design. 


Tm forming a discharge fron an electrop’<*.5 in a thin layer of liguld betveen 


able to overcome the force holding the glass sheets togetier. The sheeta of glass 
veciaccenae ah ad Sub ee her ee eee eee sides. 


These sii af r glass reproduced Staxk fatety accurately: the appearence end cape 


of ane of the 2 zones shown in 2 Fis. 4, The ateneter of each of thes ; 


Raid Bee per of ‘the glass Ser ifone thes | fee OP Roce 


tte pats tarongh ¢ the vater ’ it vas possible to heerve, 


ot oom often eerat eet oe matin ence 
s few out from the "hala" ene tn the layer of beroseae. Tate set Ded a bn 


(pom ee stot ite eect (epee ey 


after which it burned with e sharp clap. With a 20-mm leyer cf air, a 15mm layer 
of kerosene, C = 0.342, and shaping spark gaps of 5 and 15 mi, the jet was up to 
1/2 @ meter long ani was ebout 80 - 100 mm: acrogs ite greatest cross-section. 


Eeperinents with a pover squrce producing 1.5 kw shoved that, then a metal 


elenent with a large surface vas electricsily commected to the positive electrode 


cr thy Aischarger, nate in the form of a point, no discharge aroge vetveen the electrode 


at oe | _ | 8 
een any of the values of the current ani the capacitance permisgal 


Lirectioa by epa hal : mee éuvice. — device = cousist of o Sacerge — 


mary teperset. in } guide, vith the negative electrote nade in the fora of 0 large 7 


= murface end with the » poattive 2 sie es electrode made in the: fom rs the vroal point. ae 


| Skee, at was established ‘tat, w insulating the a peattive « clectrote 


| exept for ths eal « area of ita point, it was 5 sousthie to breakiow w- - 2 tines 


greater dintances in vater with the wane voltages than without this insulation. _ 


Ta practice it turned oxt tat the uae of insulation of the positive electrotes 
| mote 18 poutible to beahiom sltowt ree theme grocer icone of water ky 


-. than air with the seme voltage, fopnan ot 


This phenomenon is easily explained by the great reduction in the totel 
conductivity in the water due to hylrogea ions, which are the chief factor in the 


comiuctivity of water, 


the part of the charge<discharge cireult 


At was algo established that growling 


2 peal] ieaks end reduced the efficiency. 


‘before the suaping spark geos preduce: 


a wes ioe to show that grounding can be definitely recamenied only 
for a circuit wita to charting Coxe oper ESPs, serectally if tois is carried out in 


| | . _ 
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arces fron a — sata a power of a sa a t2e form of cone~ _ 


re oe iS at & @zall depth beneath the surfece, Pe be ie used 
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bottom of the tak, struck ft, and rose werd. 
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. 
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than 400 - 502 mm in the experinetts which vere coniucted,because of the dager of 


destruction of the tank. 
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produced earlier with 50 kv, required 60 - 70 kv. 
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& open shock waves proguced on one side of 122 disc, the Gise shows, 


obs a oak hen te 2 


traces of the shock waves, other deeper 


traces of the acti of 
cavitation shocks, which filled fron one exd the cavity forsed efter discharge. 


Whew the depth to which the discharge end the plastilene @ise were energe: 


‘quia was reduced, the action of the cavitation ehock was greatly veakoned 


@ ia the length of the discharge hed e similar effect, Ata given 


ck weakened se the lengmh of the discharge vas 
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Fig. 14. FPlestigrapic irpression of a discharge on e disc (on the surface | 


Te a Sk oy . : 3 ‘ . 


SCP CP Dt nl 


ls positive electrode; 2- trace of the main shock; 3- negative electrode; 


se truce of the cavitation shock. = — 


4 


r ne 
i . ‘ : : ns .. 


the cavitation shock. 


: a. . 
= . - . . - 
. 
: " ie! 
. - - . = 
. « 
’ 
- . 2 
. ann 7 , 
* inf 
Ms . - 
‘ ors a 
‘ 
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Pig. 27. aphic effect of 8 single shock (with the electrodes 
| : | ine displaced parallel position): @- View from 
“Fig, 18, Plastignghic effect of @ single shock (vith the discharge 
| perpeniicular to the surface of the plastilene disc); a 
| a- view fron above; b- cross-section, : eres le 
le tatmt tence of ection of zain shock in the fore of a bovl; 2- negative ~ | 
upper (rositive) electroie van inclinel; 5 plastilene; 6? trece of the 
5s ee ee iesattcBene | 
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3 Be cemtral chammels 4 cavitation 
cavity - trace cf the ection of the main shock, a2 
Fig. 20. iupression of @ single shock inside a cylinier: 
Lo positive electraie; Qe catburat of the cavitetion shock; 3+ negative 
electrote; 4- plastiiene; 5- central chamel; 6- wall of the cavity, 


cavitation sheck of tre cavity. 


vas used to study the action of electrchydraulic shock waves ani 


i3 MELace 


the cavitation phenonens ecccmpenying thea, with the electrodes aml the plastilese 


dise placed in very déewise 


Aftes each single discharge, the plastilene disc or cylinder wes photographed 


fron bore, ani then it was cut into and a new photesrach was teken in the side — 


‘the series of photogrepas Gigs. 13 = 20) ves made under the conditions sesren = 


in Toble 3, The poattton of electraies can be seen on the e photogrerhs.- - Beoep? 


aes 


cae cose described delow,, electrodes vere pieced ¢ on the surface of tha plastilene, : A 


the piastigntte sia te the action of = eect shock al ae 
Bares make at  ponsrble to d atudy the distribution ofthe axe a given oft elon ete . : 
the techarges | insite the cgumrbies ‘tant oer is gina = at qete 


| unifornly along the Length of the tise. ‘Tt is possible Gut ecmeuhat ae : . eS se 


coeray ta piven off at the enl of the perk, toierds the electrotes, 
the (echargen on diace make it possible to extablish whether more or Lees 
mores i te tee vee eee ene eeceee - . es 
ALL of the photogrechs given show the result of the ection ot SPetectrtetrntic 


~hGe 


shocs waved end the accompanying - cavitation shock produced a3 & result of a single 


pulse, — 


ihe entire cavity is formed at once by the gine process, ami none of the 


Phenmiems of gas and vapor formation are observed, the experizents e 
cavities are regular geometric figures, and that they have ssooth walls without eny 
esymastric depressions or other irregularities. 


= pasion of the cavities _ 


The _—e bedaaruel forriz are cewied y the ¢ 


ithe a action of the cavitation nose goon the expansion throug che 
- ck wake: This is noticeable only csteews large cavities, og 


It cen be supposed that the  atsintegzetion zone (the 2 roe) a a o shape tad _ 


ai stent close 1 to the shape Et eaten of the cavities +m in the * phos hs. 


For the vork of pany devices a using, the rete “25 2 2) ic tect, the feet emt . at 


, erittes Leta, € a om 


tderable 3 Linear etsptacenmat of gta, ore , formed “ill te a 


y 


the great deternining factor 3 father then the chock weve. “Mts holds for the 


: cumlation effect and for the work at epeayers, aes sna otter devices. fe | : ‘ E ea 


yn amet ell plastic se mtrtaezm, piten, “, clay, anil others - 


% 


‘cavities are also formed. Rovere ate meres eter amity (ome, sinh a 


or creck (see, pitch, mx); ox else have may particles tora ott tein clay). 7 


Conditions coc? Fiestirraphie Axrverinent 


BIE 3. 


Notts 


{ 
j= 
| ; fo? Large activity of cavitatioa near the 
is : e | an, s S megative electrode, 
ee “| ees sare , The cavitation is more active mm 
sc ee ee BRB 1H Hw ez the negative electrode, 


~ ce ae bre cavitation shock is greatly iestened? 
| . the main shock, considering the small 
capacitance is ecarcely changed; same um 


; wee eee on | RCRA ALY of cavitation. 
| 7 ’ 
a a > oth shocks are clearly manifested; no 
‘ 4 sa - es eee ? eredoninace of activity at either electrode. 
& at i eS pide pci shock is weakened, since 
Wie th gee <a 300 om isyer of water is insufficient __ 
mam toe ecm ar Bb Saahscoee ior its ‘deve lopment. Stroager activity 
. & af @» Hh Nn gas * the negative electrode. 
ee ee ee ee e active cavitation at the pettee 
Se e BP HO ae electrode, 


: ne “cre active cavitation at the nogative 
he & oul ees electrode, | 


tte upper, posttigeetectrode is inclined | 

f ae at an angle of 30° in the direction ahom 
re oe Me ee ga eae Eby the arrow on the plastilene. This has— 
ee fae (| «yf Bealeed fn a large aectvity of cavitation 


t 


ae ae ar = Fe a: ! te tam th in this direction, — 


, 


j 2 


ee. feet ge ee ae ee cavity is steels syemetric with | 


ie p> G a7; & i eg [ied | respect to the electrodes and the spark. | 


: ie ee a me 


eat Be cavity is strictly syumetric with 
eect to the spark. 
The entgre cylinder is compressed on all 
sides, The rupture of the cavitation — 
sheck inside the cavity is clearly seen, 


L}Fig. No. 1; | 2) Voltage in Ky.; 3) Capacitance in nF; 4) Spark length ma; 
5) spark gaps; 6) lert (+) am; 7) rigzxt ) mm; &) depth of submersion in mm. 


tilene is most carvenient since it hes no impect brittleness at room tesperm 


dissolve in water, end particles 


| 1% practically does ee exulsify, it dees nt seuem 
do not tear off feo: it, 

‘Bua, dy generalising the etove facts, ve can regard the experinents es having 
established the folloving series of qualitative gelaticnzhips, nenely: 

1) within certain lictts, the length of the pati awakes Qepenis on the 
een eapacitence of the circuit; — - 


mis on the area end polarity of the 


AB imercese of the aren of the nesative electro e 


phe ards C213 5 


ayexece of the positire electrode. in the onpoatte cases, 0 os eakiown - 


As on ‘the electrode o material, 


at the voltage at ee the Ee Ce 


scrensing Fry , the exter - - steel, ural, 3 brass, commer .. ae 


(8) oie cotttionn being equ, te Length of tn ark tn the Ligetd asrene 


with toereustng storgoses of the wave front of the aloes 


5) te actnag of batho pede oe cnet of elctciytn tn 


wavelength, the larger is the concentration at which the dischargs arises; _ a 


ale - 


6) the @isintegrational effect depends on the shape and especially on the 


c) the ca meltance C, the resistance R, ani the self-inds tence IL of the disctarge _ 


ted paraliel to 


: € =e S Pee ie 


mepeene and especially of its rignt hait; d) the C, R and L 


the main spark E2ps; 


| r 7 . . a ie eee | ; 
t) the derree to Kaich the nenétée=ss se <he a aa effect ave 


— $deatles? én each Giccharge deperia on the conditions of esis of the errs 


stigraphic data, 1t seens thet the spread-twalues canbe detected 


aly with ex oscillograph; 


Chapter IIT 
DEVICES (8G THE ELeCTROSTDeAULIC EYPECr 
7. Flectrchylranlic chisels ani boring éavices. 


A) Electrohydreulic chisel, — 


Zo study the destruction a? nonemetallic mterlals oy the electrchyarauls 


au) ie chisel”. 


method , We preaps rea a device which ve call the "electrons 


6s chisel ccuatate of a textolite head cut of which steel-vire clectrides | 


. ‘of af 2s BER , ee PEP e 


‘he head is Mtted on s textolite > roa, & which rotates 


te & exesstar of the 2 bath, To keep the chigel Bros being throw 


| ak ca toma of 15 kg ig placed on the textolite rel, 


rent t is wvitchea eae discharge Eat betueen the end of the 


a electroges, amt the chisel sinks into the material pevtociy: paiva In this wy, 


hs corundum | “circle 100 esa thick, was 2 pierced in 3° : minutes vith a 


— | fee aque y ott em cy alses ver minute and a spark length of 25 mm. An external - 
a view of the chisel ts : shown in Fig. ae a 

We also tested a neice cpu numa but we baa to 
eA 


“Ta working with soe current at a frequency of 100 pulsce per sncmad, we also 


“peated tour cele wth eu tng of 8-10, these chieele plerced abrasive 
-33 ‘ 


Weels of any strength to a depth of 40 - 50 am tak 2-3 seconds, the pover required” 


for this being 100 ¥. 


With rare exceptions, the chatterel stones fon 


& grain size no greater than 1 - 2 =m. 


at 200 v). 


| a 
Quarts, gizss, at3 other brittle materials ere easily chipped, vith a rate of 


15 = 29 uafcin. 


“Rocks with ccaducting or seat-coniucting inclusions are 


‘Fig. 22. A chisel ina tank in operation,et the beginning of 


“lzcling. Oa the botton, sparks can be seen at the enis of 
: — (Rhetographed through the well of'S tank), 
ie roa 


ena of the electi 


FPineecrystalline rock and materials of the ne of solid solutiens can be 
chize! led more easily ball pase tecceyetalt the rocks, fibrous peer ad certedin 


Tn the disintegration of rocks, the detemining 


of the reek, but ite brittleness. 


So obtein reguler holes in nonecondueting natertals ? the especial device cacwn 
in Fig, 22 was designed. 
Inside the metal bit, vbich is tuffed on the emi, thare is a textolite 


pening for ae cheion liquid. 


In Se center of < the tnsuleter, the «- - electrole 


a The current of this electrode is evpplied br a site contact, The lover ae 


sod ta bent ota right migie for 5- - 10m, "Near the votten of £ 


; | fee, he Se ns ht ao tnt gu en spr fea By ee 


“Waen voltage pulses are fea to the bit and the = electrode, Lischer ge 


betwoan the Uent eal of the electrote end the tuff of the Dit nearest to it. 


When the electrode is rotated by a a special moter, | the i BY echarszea: 
| entire Loser end of r the Ut, treeliing fro fut to tat in succession without ever Ls 


_ tag. De aaa aa chock waves wich arise re eoch atectarge destray 


~55- 


the rock on which the bit is placed. 


The julverized rock eserges from in betgees the teeth eni through the gaps 


between the tube and the walle of the opening, from where ft con be wmehed out 
by water fea under pressure into the cramer aaa of tie a nes 
"When the electropjiraulic bore remains stationary tase for the lover part 


| Ps the ele: Renee » 4% maid holes of reeniler circular shape in exy Sieineantndtine 


" eeeigt: 


| the test moiel of the instmasen @ sine with the power of Fw tvhich 


rotated the electrode with tm spel of 10 rot/gin. ‘The bore wes fed by pulses 


- cf beth shaping spark gone was 10 ma. sae 


» 


“ with & capacitance of O.2pt, By iar Leng 


ihe voltage was 25 = 30 kv. 


“The tube dianeter was 30 m, while the holea produced varied fran 40 to 50 mm 


| | 


ee bat vere rough within 1 tolerated ae ee ae es 
0 tap of the bore, 01.5 bg wetght we placed, "Mea total weit of the tore 


soma t 25 es The eight to Wich 18 Japel we im reoolling Q18 not excel 


= 10m,» und this decreased to 3 mas the bore sank into the rock. Eoverer, at 


8 Moe frequency « ot - the palaes, the jasteasiahie ws in 8 sense «Sieben ehove oe e 


es 
oe  iaiee 
pers + 


Fis. 22. Diagran of the design of om: of the continuous cuiting bores. 


«le curren ieed to the centenl rotating electrole; 2- pipe supplying the 

‘flushing (and vorzing) Liquids; 3 and 9- ducte leading the fluehing Liquid 
into the boty of the bore; 4 current leed for the bit of the bore; 5- epenings 
in the bit for the energence of gases; 6- bit; 7- teeth of the back eni of 


uk ahd 


the bit; 6 enti of the oem 
2 (+). 


rotating elec?ecic 


| the face it vas cutting. 


: the Dore sinks into the rock under its own weight. For this purpose, it ice es 


: moves frequently on guides set up on © croas bea of the tank. 


One of the central sents of the bore is the insertion piece of soft — 


rubber tubing which surrouis the tubolar bushing of the central electrote ani 


energes beyonl the lover eni of the textolite siaft of the head. ‘thus, the rubber 


; ingertion piece extents pertly into the disintesration tone, since the textolite at - 


-ST- 


Pig. 23. View of the icver end of the bit head of a bore efter 


| a on) med ty 


aikcine 5 holes 89 ms deep in a solid cabaritim wheel. 


le bent end of the central electrode; 2- tooth of the bit end; 
Ze opening in the bit Zor the emareeace of gases; 4- shaft of bit. 


would rapidly become wrosuable if 1¢ extended 


The lover ead of the head which has made five holes to a depth of 60m exch | 


veined corundun ebrazive vbeel is shom in Fig. 23. 


¢ 


It cen te seen from the hot raph that nei ther the tube nor the central 


. 


Fis. 2h shows another nolel of o bore in a tank at the tine when te tial’ - 
ae a ee Ee ae On one edge of the tube, sparks cute _ 
clearly ial ida th oli the entire perineter of the bit. An exmple of 


the work of this bore is show in Fig. 25, which shows a hole mde in a corunim: 7 


= 


ewe A we ee 


ebresive veel. 
Tt was) daterninel in the stulies thst the bore cen mike holes even in elestic 


Pa xe ; -- meee te rte oer ~ 


material, such as soft rubber. Soft rubber is torn cut in pleces with sharp edges, 


+ 


which have the appearance of breaks in a brittle materiel. Zhe thickness of the 


pieces cui out is 5-6 a2 a 


“9 2c > re ar 


to break either the entire 


the bore with a large capacitance, Taw, with the sane pover unit, it is possible 


to make holea to a small given depth and then to make a hydraulic “explosion” 


pore hole by sending two or three pulses at ainrge capecitance, . 7 


- - ‘ 
fa 
‘ . 
° 
° 
. . 
so * 
‘ 
~ 
, 
. + eae . 
we 7 
. . 
‘ 
. : . 
- ‘ . o. 


(Photograph taken through the wall of the 


7 7 7 é = - 
, 59= ae 
: sie . ’ sve 
; -- . se . ' ' 
od ‘ 
: = : Pe ee at .- . z au - 


sakion of rock, or just its lower pert, by cperating 


in this 


Eerimerte shoved that, after the bore has smk into the rocks, it is possible 


33 
aS 


j 
: 
: 
B 
: 
B 
Ss. 


Gable & gtves data on the actesl ani theoretical drilling rates of differnt 


t 


eny gort of linite and 


% 


reset 


of 160 eps does not 


he 


ese that the 


Wp 


a 


3 of 500 ~ 1000 eps can be easily obtained, it can be 


ole 


drilling rate of holes in rocks and siutler uaterisls cm be considerably incressed. 


. 


‘ 


; 


To produce ring-ebsred holes with a central core, the tore model shown in 


Fig, 26 ws tried. 


cylinder, whose bottom end is cut off frontwise and 


In tells tote, an interml 


10-15 rot/ain, and in this wy 


serves as @ discharger point rotates with a speed of 


- 


sede: 


by discharges detveen the point of the cylinier | 


ter at the enl Bit is 


the 


Table 4 


Drilling rates of the electrohydraulie core in various materials and rocks 


sparx length T mm, polse frequency 120 per nin. 


- mera Ky; Py enaettgnse w33)Spark gape: ioe or ieee iai - 


5)fate of imersion in m/nin at a frequency (cee 8 and 9); 6) lett (+) m; 
7) wisht (-} mm; 8) 2 eps (exp); 3) 100 cps (comp); 10) Industriel rubber; 
11) Diebase; 12) White marble; 13) Mirror glass; 1s) Fused quartz; | 
15} Corundim circle; 16) Quartz clay shale; 17) Cenbrian clay®; 


“18) ArgLlaceous soil.; 19) The bore sinks into fragnente of mutter; 
; 2) ‘he ortng rate can be increased ly Socreasing the veght of the Dore rs 


oe 


ard the nearest tooth of the dit. 


is textolite insulators 2- cavity into catch the | wore eatsicas 2 outlet of 
the duct Zor the flushine and working Liguias he duet ewpstying < ate — 
= eis of the internal rotating electrode cyliater; 6s rte 
31 pipe suoptying the Liquids 8 serent 


‘lesa to the 


SD CP rte a 
cantral electrodes 


| ‘fhe core formed in drilling goes into the internal cavity of the cylinler, 
: fram which 1% can be removed. Rater le suppiiea through on cpeniag in the bore 


sed ll. 


wit the bare of this type, 12 becomes possible to obtain hole of any Aimeter, 


Yor a cutting width of 50 - &0 mm, no voltages greater than 50 kw are required far 


the work of this instrument. 


it was demonstrated experimentally that, with a yoltege: of 70 - 100 ay, a 


th wm to 226 - 250 ma, 1t is nossible 


aanne of 0.7 - 1.0 po f, end spark len 


KO 


to obtain completely cut ea! 


iotes with a dusneter wp to 450 - £cO wm. 


| a ve hrve alresdy mentioned , i haniness of the rock that has no significance 


 - When holes are mede in then according to this nethod. 


 " Qe iavestigate the poesibiiities ef 


: FOAL : on porcelain hee, ant sinilar caterials. ce 


en es re the ete, a spectal * "cutter" was pela ggaine 


rion upring. The end of the cutter electrotse, - : 


[Tee by Roane of a speciat PGEDPess 
_ a - e = 


ne | betevee:s| wich the esacharge took piace Ss 22a das Sek ON ously clang the Bi om 


ent, 2 follaving its teregularition in a rotation, 


- The pct being cath end the cutter were Placa 4 in aioe eo fioscnprpen tere heen 
t filled with voter. 
wag. of shows three types of cutters used in the experinents. 


Pa 


iF 
ae’ yg! 


Ze cubting wes comincted at 2 frequency of 100 pulses per Bet ¢ oa a-c current, 
with a capacitance of 0,01 - 0.02 a.f end a power consumption of aimt ebout 100 w. 
ihe cutting effect tarmed cut to be excessively strong. At the start of the 


cut, there were dents up to 1 - 3 ma deep and up to 6 mi wide, while further on, 


ata dezvth of 5 ma, the dent arroved to 2-3 mm, Alter 3-5 min, the quarts rods 
Grist exactly along the cutting line. Ceramic and norcelain mterials were algo | 
cut with tiis sevice. . 

| the cutting i conducted a a Voltage of about 30 ky, mnich vas conattersbly 
een eal. ~* .* 


Fig, 28 shove a sedges rel 45 ma in Atscctery ou veh 3 ects were male > 


a e cee - with a power of the order cf 360 w: the migile oe ~ with 8 power 2 


eee eae ere orca eee oe : 


- 


eke “mate toa depth of § - 10 =, efter viich the discs ue att cteng the cuts. eee 


ars lea pouere (wo te te sco the specimess broke ia tuo-before 0 completing 


| | Inlf a revolution. = wyper exa of the ‘Specimen on in Pig. 28 4 is a vee ze ads 7 


of this type of ee 


The wxperiments shoved ways of designing devices for longitudinal and tramsveree 7 


cutting of blocks of stones ani cutting thes out from quirries or in mdsequnt e 7 


tp oy hale 74 


Tius, ea simple “electrohyiraulic milling cutter” was tested for finishing 


the surfaces of stone blocks. 


the nilling cutter 12 formal by a series of spark opps fastened to 2 strip of 


ani at the same tine move forward parallel to the eurface. The test of the milling 


cutter geve satisfactory results. | | . i Os | 7 af 


Be types of cutters used for exsting non 


, 


~ 


Fig. 28. View ant shape of the incision? 


%- 


2a). 


+ 


+ 


sealed, the pressure in them will increase greatly 


« If cpenings are mode in the wells 


* 


of these vessels, a etrong egection of Ligata can be expected fren then. 


this asruption providel o bests for etaly the epplicstion of the electro- 


_bydrzulie effect to the fealing and stenising cf fuel in internal combustion engines, 
Yor the experinents, a device, sn exterual view of which is given in Fig. 29, 


was prepared, 


a RAR 
Fig. 29.2 Device for Sesisag 


re mit; Ba giseratn 


. 


omizer; S~ Nueel for the liquid; 10< tube of tae funnel; oe stop aks. 


“12m tube to the duct inside the device. 


* 


inserted inside a cons-ehaped fitting inside two bowl-abeped steel bushings cas | 
screved into a cqlintrical steel cesing. 
ipnigs ania mtd ae ca to change the volume of the internal cavity and also 


“te etange ees ¢ the cain sack gp inside the cylinder, 


"on tap of the egiinter, a comecting pipe With « 10m opentng was screwed ci. 
-67- 


~~ 


On it, ordinary deisel-fuel atonizers were installed and held with a special nut. 
au@ liquid flows uder its own pressure through the funnel inte the channel 
drilled in the belly of the cyligder. The channel had a cross-section fron 5 8 m 


Faker tate turns at a right engle on its path, These ‘urns alucst ii tata 


damped the pressure shock wave fomed inside the cylinler. In eAdition » the channe 
@uld be bypessed with a spacial valve, ae 


A weak point in this device was the fastening of the front eni of the electrodes. 


After several pulses, the electroles vould be torn out from the insulator end 


alee vere » patted out by the action of ehock waves, witch | . | 


eflec veil off the bovlnchaped oe end focused on 1 to the end “ the electrefas 


ee roa the textolite became of their scat» posteton, | Another type of | : _ 
is aes imi or : tts factor vas vs tt into to scoot, , ta turned, out nt to be = coe is | 
main , sae Sea? at es ge gee ee epee oy 
he a ce of the the cylinter ws 100 2a and its sai 2 250 my wile : 
: the varishle volum of the internal erty et te sgl fon 6 0 to 160, 
: buat wot 8 me ong coll be prone aide the exit. eset an 
‘Raen acyark = caly 20m, = protuced 4 inaide tata aetce, the 


rar a eS 


cose part of th atnter end was tar of (16,30) ‘rom competion, the reqtod 


wns 


ie ee tieik ai 


ee : ree 


“ 


aan nS . P Z . ~ 


‘ 
oe 


ry 


1". need of the ateniser as a regalt of tm spark ¢ 


wo: 
‘ 


. . . ; . 3 


: | Considering that the pressure developed inthe zone of the qpark Qiecharge 


ake arose in a volume of more than 1000 eat end that the actual diect rge took place — 


at a distance of about 100 fran the spout of the atanizer, it con be concluied 


4 


: = . ar : : - . ; 0 SE A 


: . 
. 


‘- , 


that the pressure geourated in the given volume is imseasurably greder then tat 


A reduction of the sparkt length to 15 mm éntailed the breaking off of the 


spout of the atomizer, Agein this inticated an excessively high pressare. Only 


Se HOT eS UE s . 


vhen a spark 10 - 12 m long wes used df4 the atomizer cease to break off, ant 
the deyice began to overete stably. 
@arough all six openings, each with a dismeter of 0.15 m, in the nose of 


the atanizer, thir streass of finely atenized water emerged with a frequency of bi 


were in the fo:m of bluish nisty 


the electrohrtreulic shoexs. ‘hese streons 


~ 


jets. ‘They repidly expanied to a diometer of 80 ~ 100 mm: and flew radially to 


"a distence af 200 - 400 mi fran the spout of the stoxtzer (fig. 31), oe 


- Rith the etentzer reaoved, a cone-shaped colum of water mist fley out 


trough the 10am opening in the counecting pipe to a hetght of 5, ‘he dieneter | 
of the nist Jet attained 1 nat the base of the cone, exi the encunt of liquid 


« 
« 


ee eg 


“ qatttat tn coe pulse asmcated to bout 50m 


“3 
‘ yO rae. . : * r 


If the spout of the atomizer was sewed off in such a way as to form an opening _ 


1 = 1,5 mn dn dianeter, the Jet of water nist atteined a height of 1.5-2m. The 


ee jer at te oe a rincadee 1/2 quetez end. the volume of liquid . ros - ‘ 


panes - a 


er oo 


ejected . ina pulse lee to 2 e 5 a. ~ 


ree wea in Pieper a ee ee 


Fis. 3. Jets of atcarited Ligeia exerging fron o; nt in the eee ~ | 


of the atonizer. 
i | ~POe 


The exveriments described above were coniuctel with Z yoltace een 30 XY, 
e cepacitance 0.2 £, shaping spark cep of 8 mi each, end a frequency of 50 pulees 
per min. 
in testing disYerent liquids in the experinents : we décided to use industriel 
vater for sinplicity, especially since it is connttere a difficult to atoxize 
ats Secawe of tte high surface tension, than a benzine, neaut, o tereeres| | 
When the cincatt was gieeesion ad jusied » 00 phenosena of gus and vapor 
formation, which vould disturb the process of feeding ent atentzing, vere sail rv? 
"| Nek a oinicaa miheaiie Wa ataceian ethane: 
sabi the experimata whieh we hacerinies it foliors that this is entn of 
sg | feeding ent tentzing fuel ¢ can be used : in internal coubustion sm a eae s8 af oe eran 
| ee of | 10 - 15 x =, , capsettances not exeneang 1 sty end A voltages of 20 30 we 
_ aie waltaae is ‘easily attainable vith barge tention cots ent cod with 8 power 
“eth hae ete ad ater cater ecto. = is 
"By oticing yates iene ei elaine teen 
secondary clncutt by wane wo ety eo nin at et 
me eccantealty the ry instantaneous power require for feeding and ototing the fuel, 
| Le 


"settarag at te poe il be sour cy «few secata oot ofeach nate 


of operation of the engine, 
Another device vaien was ecaiteh in a cruie model is the “high-vressure 
electrohydraulic pump" | (Fig. 32). 
A fluid umier a small arn is fed into a tube, open on both sides, fron 


one end, long the length of the tube, at definite intervais, 5 - 7 or more 


spark gips ere placed, each of which represents in 2 sense & desree of 
Discharges distributed by a trenbler cover the entire geries of eperk gere 


i eo, ng emia he et too om ee 


| Fig. 32 " Diagren of a possible type of high-pressure PD. | 
| 1» supply of liquid floving wer erovatyy ‘20 ineulaters; 3- erectrodeas, | 
| cs working cavity of the PED; - receiv”. A& oe , 
| a 
emergence of the fist : 


| Shun, wtaggerodcompreer_ 7 = baa totem torte om f th tte ot 


ae 
aes 


the tbe, getty | sl prearre of he Lge, warns tare te wo euch 


p is t 
ae 


Sa 


notion in the direction tovands the other ena of the tbe. 
If a receiver 1s connected to © the open end. of the tube, js setewure baw tk 


the opposite end hes @ reverse 


Will increase, Since the wave travelling tovaerda 
" gequence and can emerge into the atuosrhere, it {¢ rapidly damped. 


By giving the volume about each discharge spark gip a chepe such thet the | 


direction (or by using special @ valves), it is possible to strengthen the effect. 
> We tested 2 systen having only four spark exps. ‘The sequence of their pulses _ 


ace Sek to 


| mee vere tet bp neass of a b empler, 
8m, the spark length to 3 = § mi, ant the woltege weg edout 30 ty, In this tube, 


: there is a strong ejection 2 of Mould frun ese emi, end none fran the other, 


LL prdnedple of the pump le corrects 0 scene nna aaa enn 
SS ae ner tered aetcen, tet wo netion the device for steaahtenng ity 
abrasive reels. : 
The ge, wade Se fot om 8 cavity inside a tertolite Sh, 


"ext rg oe come ots ak, ove to Rin elected plaed 8 ce 


Me ag demeets. 


“TT : 


distence of 1.5 mi from one another. 
The front part of the finger ig shown in Fig. 33, When an abresive vheel 
is rotated in the immeiiate £ vicinity of the head, a layer of liquid is formed 


in thich the discharge takes place, 


1+ casing of the device; 2- opening for the outflow of the vorking Ligulas 


Nenett | 
da induction cot with a Beer interapter was found. to be most suitable tor 


splzing the device, er oe Ut ves aisfiestt to cain the Righ frequmey 
cf the yuloes witch ss necenetry to level a reply rotating wae], 
“In the experinents, sick nik eat ail ta ila ig. 


stability of ae for use as the mecbrane eof « an acoustic = 
Seren, ‘peo thick plates of rextolite, two laminated electrodes | ure 2 placed. = 


Arter ‘this, Ge plates are tightly bolted together oh and the entire davies te 43 


7. ee ee” Ge Te 


wn 


vente 


Nae AAT TTS fe? 


| yesin partially clesred from the cloth. he textolite did not disintegrate in this _ 


- | aa i | Device for stulying the atability of textolite for use a : | 
(ae metcan of en coats senior St Atemtel foal) 
Pcnpangice’ ia water to a depth of 400 ma. ee: 
Arete of te aeran tn dime fom ts hom Sn Fige Ae 
pane ars uaaniiih a tak, ; gS a: a 7 oe : 
Me Renker Maio ioe 
long, a white spot was forned om the surface of he textolite, aie ts layer of salt a 


aM 


process, 
Experiments also demonstrated the possibility of producing inacriptions on 


solid 


saterials by using the electrohydreulic action of discharges. 
Despite its enall power (about 3w), en electroructst turned out to be a 


mi sufficient source of power for this ‘purpose, ami with a capacitance of 0,005a.f 


it was possible to make an inscription on a therma1 corundua die. With the eles¢s 
Clas hropheras £6 was eae to obtain ame every 3 ~ 10 sec. 
“the Letters of the Anseription vere made in the following fashica, The 0 Rat 


ae | a 
: GPa at wre tnt» tee until. 


gg electrotea | were aa usted to the required pate 


ar the “adecharge. ‘Each, h atacharge proaueed a dest about 0.1 - » 062 = in 2 volun, oo 


vl 7: 7 ” : we ore f : ete : . 2 7 ae ; 7 <3 ; on ; . 


oe vater, ve orize - by the action of the pune, ta tems at heir 


. = . . . a 
* . . . Py Pace 8 a * 
Sm En Cee OF hie weve en “eb ee geek wt er 
ia LE ae +08 By aa Se | LS, CRS Sete he 
< : 
4 . Pare - e8ece of 8 . ‘ ae 
e 


-_ 


aa oe shock 1 ‘weves =y ‘tind — practical ciation, os, , for 
ma > tes Z sae ie es oi ad eS es 
ome . We contucted xpertnente on, ae and at veriation of of various bast 
| - rocks and other materials. he data obtained net pals it possible to bata a 7 


| ‘conta stone crusher and to conduct a a special investigation 0 of this matter, - 


16 


Using a simple device with the 10-15 w apparatus, we conducted experiments 
om the peta production of holea with a small diameter in solid miterials: electroe 


corumien, quartz, ami others. So Zar, ve Inve obtained no holes szaller than 3. 


With the saze emaratus, we easily obtain colloidal solutions of metals in 


water, benzilse, ether, ani other Liquids, 


Chanter IV 
PROSPECTIVE LEE OF TE ELECTRORYDRAULIC EFFECT 


Prom the date of the stelies, it appears possible to utilize the electro- 


hylreullic effect in other technological applications as well, Here we find it 


mecersiry to mention only a few of these possibilities. 


g inside piston devices filled — 


with a liquid reveals a voverful imelling force produced om ties piston ty the 


electrabyfreulic shock waves. 


this makes it possible to speak of the possibility of using the electresylrauli 


effect in the construction af simple, cazact forging peoxiere for cota iieuas af a 
oa the sane. pene le, it is possible te bulla exo percussion ¢ devices ex” - oe 
ee i ten cutee, stampe, er “ sors, and ‘te . 


“Ta the denign of these snstrnents, it 18 necessary to take into accom the | 


ates placing the higicrelige part of the ciretit inde thee 
Lor explying these instrament with a por meneee poles current. oa 
A Ring of 0 forging amar $0 show $n Pig, Be 


| “Me apece shove the piston tn Whe mchine has & free otiet Sato the atmorstare ‘ 


rast AwnwRig ayer 


throw & tamed ont Shrough tek #4128 with Ite The mall east of oa an 


~Te- 


vapor which can form in edjusting the machine is freely eliminated through this 
channel fron the cavity of the cylinder. 
in one of the possible designs of this machine, then machine can drop dom 


freely on the object under treatuent ani hold itself og this object by its om 


weight, producing the required dzformation by a series of rapidly succeeding flovs. 


With this type of design, the mss of the piston must be consijerably less — 
than the mass of the entire machine, vhich reste freely on the object. 


TF there are several rectangular turns in the chennel comecting the cavity = 


: ot oe with the tents — the etuosphere, the shock weve willbe 
jae conpletely dared ead the oas of r pressure inside tae eolinier wil 1 be awe: a 


a 0a the desis of the cont, tn vnich average aadaiy deftattoly Sut eh 


——- a ata =e ame a vole of about “1500 3, it ¢ aa 
= ae the totel pressure exerted ¢ ama 2+ nate x with aa a ese of of 100 wit aac exceed 
: a | It is not necessary ¢ to seat the cyitnter, the nate, the eee, the ia, 
or other componente by prectaton m otating, pe eae s toring s hamers, as Astingutaed 
— the urea te « of forgings Kawner ss eae 7 7 ae 

: ; tees oy ctor te ee sky atnen ev fast ong nts 2 « Sm oe 


. “we {a on insumomtable chetacle for pressure Pure, 


* . : . € 7 : 
TEE rigs, RED TPR ER AEST aS es , oe 


ae Fig. 35. ana alas 


aM of @ possible @ design af & tareing a 
Le anvil; 2 nomty 3 electrode; 4. suoulntors; > cavity 1 vith Miquids | 


ci 6 desing chanel; To tan with Liquids 8. faxoel; 9 contilever; 3 10> suspen 


: broek; 2 - centilever me corr a5 - srapeasion Liaias 2 a ~ piston; 3 Ue (Ninkers 


i oe object + undergoing @ deformation, Pe 


‘~ 


_ 43 5 2 ica 


| _ However, soley seals ta = = Coane 


~~ 


“ct nin, enn en err omer eh a lee tnd 
vaive usp vith an afr hock aterter to moot the shock peleticon, 
"From the experinental data, at is covious ire baiaciiia sarees effect 


ean be er  condctartenng the eurfece of metal 2 object. ‘Roth With our r method, 


it appears that it will be possible splits Mian ih cavities, 


waica is impossible to do by other methods. 
If the traces of individual blows ere broad enough, they will merge with 


one smother and wilt overlap when the object is fed to the machine. ‘This will 


. - > ; _ 
enacetye the surface of the object smooth, 


The use of large powers makes it possidle to speak of the poseibility of 
obtaining deep hardened layers. — 


It ig possible to Earden both filet and spherical’? surfaces, by using s existing 


wt 


gtanda snd devices equipped with water tanks! 
ae | | | ron 


& sketcn of an instrument for cola harlening external cylindrical surfaces on 
| & isthe bench is ehown in Fis. 36. | The hardening instrusent ie festened in the 
‘Dench support, while the object being hardened is placed inthe shock or in the 


centers... 


Pig. 36. ¥ Theoretical diagren of a device for cold hardening rounl objects. 
l- electrodes; 2- ingulstore; 3- holder with a focusing device; 4- cumlating 
sphere (cavity filled vith liquid); 5- object undergoing cold hardening, . 


= he «3 Fy” ae 
a 


A diagram of es device for cold hardening internel cavities, such de me walls 
or an engloe cylimier is xzs soe in Pig. 37. To elininate harmful stresses 
acting on the device in one cee: two pore paca spark saps , comected in 
pects 3 are used, ‘These breakiown Seneenee ofzultencously. . 


Zach spark gap is located inside a spherical cwnwiative hollow = whose wall 


is ata greater distence fron its discharge zone ziexta than the redius of the 


aiaintecratia zme, 


e ~ 3. : an tical cameeni venernie desig ofedevice for 
| eota A hastening ¢ an internal cylinirical cover. i 
| Ie cevity fitted vith aged 2- -cumating eberes; 3- electrodes; 5h caring 


of the cold-bardening deviens So th ohject wotergning cold-bertntng, 


‘is type of colatantentng oan Ye used for, tn articular, « eae » rollers, 


2 sours, internal end external aetoctes ball 1 bearing rest att bella, te cavities 


| sas sinictidiiin, aide seinen, aaa of machines, uaaia’ ania 


fan 


aye 
In ow experinents, we tested 2 nodel of a unique "say" - on immobile instrument 


for enttiing linearly through any kind of non-conducting raterial or rock, Made of 

| -. 5 ; 42 
a textolite blade, it represents in effect e@ Yau “divided” working spark gap. A 
_ Hagren of this sev is given in Fig. 38 

The mein aischarce is broken down into a series of short individual garese sick 
without aeins it cs sade at aaa it is more sa in @ narrow | strip ina 


| ane eee | 


“The end electrodes of the "sav" are connected to the electric cireultg. 


Pig. 38, ‘Theoretical diagren of the design of an instrument for rip saving : 
ar — | 
ae? sie aaa b iia, ee ee 


len + electroies; Ze tnaulating states 5 (tertolttel Jo intermediate electroies — 
“Anserted in the 3 insulator; 5 series epark gna. 
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st3S 


SWS che 
By ‘eae gnats o Sértes\severat of taese ‘SEWB » it was found poasible to 


Pantani WN ne ln 


ripsay any length (vben the individwl sews are fed from the clrevit), and to cut 


cut sections of triangular, square and trapgzeidal shapes, 


in, theory, this method can de used to saw off objects of any configuration and 


section into bleeks which can be easily removed and trensported, 


| te 
The water can be supplied in several ways, one of which Supp 


throngh the cavities in the eni electrodes or through special holes in the dody of 


the saw, 


When camcuflet ceyities are formed in moistened soil by povefful discharges 


fron a simple chigel-like device, it is possible to drive in piles ani a.rabbet by 


"providing the pile with a special tip and by using an ermature in the body of the 


‘pile for the electroies. For the working mediw, local ground and undergrounl water — : 


~The weight of the pile and its vibration during the shock waves will help it 


* acharesretoule casa 


Testa with a nolel couftrand the atmplitity of this ayeten, 


In edition to the driving of piles and a rebbet, the ‘electrohpirenlic method 


— used for rove eng of wt ant Death erie or, a the | 


< contrary, tor stirring 1 Ww its nsiee surface aon (trosen crust) with a oe 


| fron nelow 7 course unier the conlition that the soil is sufficiently eaturated 


nS 


with water). 


In certain cases, electrchyiraulic devices can be used ag easily regulated pulse 


transmitters of simple design 


In a number of experiments, the possibility of using the effect in devices 


perrorming a rotational or trans tational motion waa dem ; stra 
| of engines, using i 3 the direct action of the ay ecteengavauise ween ox the aertaae 
tp hea; cae be used fox this aon | | | 

— Ssperinente on that yood er in the digintesration sone Wa s brosen = : | | 


fate separate filaments. liis also presents a certain practical interest. 


che experal aental data provide a basis for using the electric cireait * 


' egtablishing a new procedure of determining the electri¢ streng 


ik an’ | coabectivity | 


ot ee -_ = the action of the Palen’ electric field ext eax rent oa er qua a 


— 


a current and the ke =e as om seen a | 

“ett ot at res _ euge ” oe 

: Neen dasha are produced in the nidst of netal , power, » Bata or ape 
pact ina Liquid, at is possible to eer: an intensive atspernion ef the te neta. ‘ 
‘os tine aseperdea sasenetta ‘Taio indicates that it will be ve peste to we 

| this cea to o produce any kind of nieropowier and cobloidal solution of assterent 
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if large (3 ~ 5 mm) metal filings, coated with grease, are alloved to float 
on the surface of a Ligquia, the'f-iding discharges will jump between then, travelling 
3 - 5 tines Pan Apparently, the discharges do not pass through the metal 
particles, ial cls then, since the r1itogs aati 4a all directions from | 
me path at each isis discharge, with eee stransk etntlar to that of 
on explosion. | OO tg: 7 7 

A Gdecharge proiuced in the victatty of an object coated with grease or ott 
inal it ate The ofl is elintnated fro the e ragetable eo containing it, vile 


grese is elininated fron the enizad cells sist inioe it. At the Gane time, -_ 


. “ttesue sells are destroyed, making the extraction of oft more ‘complete: i Age a 


) * Gig method of extracting moving olly substences may present some 


- preetical interest. 


= effect in m syutbest « ond b catalvete, es ) well as in peotictng various sedges . . 


| emioion, end collotis, in accelerating chentea! reactions, tnernatog the a | i = : 


activity ot catalynere, 3 producing miltivalent ices in drench a! praree , a | 
 aasvensiey as cee occur in iia ia aia re = e 
eter te en me 
| asain about the — of Liquids, and expecially avout ‘the structure cmd 


aaa’ Se ae | 6. 


‘properties of their surface layers. This is shown by the form in nature of the 


oOo 


discharges, vbicn slways depend oa composition of the liquid for given conlitions 


of the cireul e 
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